[Workshop on Revolutionary Aerospace Systems Concepts for
[Human/Robotic Exploration of the Solar System

Prolonged 0-Gravity is devas

* Bone- and tooth-loss
— calcium excretion
 Cardiovascular problem
— muscle atrophy
» Neurovestibular dysfunction
— orientation, posture control

* Immune deficiency
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Traditional cou meas
are inadequate for lon
duration space flight

Exercise and electrical
muscle stimulation

LBNP

Diet and drugs (e.g. to
prevent calcium excretion)

Pre-flight training

Artificial Grayity is indispe

AG is the only counte re that
removes the e for d ditioni

A 3-year mission without AG woul
unethical
AG research is sadly un evelop

AG has sensory side-effects to whi
humans have to adapt

Limits to this adaptability pose serio
constraints on the implementation of AG
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» Forgone conclusion in most science fiction
scenarios of s travel
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% s Jifects

nantrifila

—Inappropriate non-compe ory nys
—Motion sickness

—Illusory tilt sensations

—Orientation problems

—Postural instability

—Disturbance of motor actions as a function of
location and orientation within the centrifuge

oo FieclS

1. Increase radius above 30

Uactetind Lﬂ j
OPTIONS:
aily) periods

2. Limit exposure to brief (1
= Intermittent centrifugation

3. Establish multiple adaptive states
= Context-specific adaptation




Earth-like conditions H
nt

Gravity gradient insignifi

Coriolis-effects are negligible - wit
sufficiently large radius

Only 2 adaptive states required (1-g and
Destination-g)

ancerms

Expensive
Engineering challenges

Difficult to turn on and off
Coriolis-effects - when noticeable - ar

~— omnipresent 000




Cené ifugati

Short-Rad gL

Can be intermittent
Cost-effective
Space-efficient

Relatively easy to implement

Fits within almost any space craft
(and inside Shuttle, ISS/Spaceh

Easy to turn on and off

0-g, Artificial-g with gr t, Destination-g)

e Multiple adaptive states ﬁred (Eanth 1-g,

e Strong side-effects because of high ro n rates

elnappropriate non-compensatory nystagmus
e Motion sickness

o Illusory tilt sensations

o Orientation problems

o Postural instability




. g adaptation less
intermtten - impractical if not

1-D adaptation may impossible
be sufficient

EXPOSURE

adaptation most complex adaptation
cont i nuous Eniiieal critical  but
complex adaption manageable due to
to the fullest extent small magnitude
mandatory

Adaptabilit side-effects is e
‘ res h objective
gearch

—Illusory tilt adapts
—VOR adapts

—Neurovestibular side-effec centrifi ion
—Dual adaptation possible

—Mbotion sickness can be overcome with a
without drugs

—1mpe motor-coordination recalibrates
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complex adaptation challenging, may not be possible x
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adaptatability unknown

complex adaptation challenging, reserach needed

research on 1-D vestibular adaptation in progress (NSBRI AG project)
20 1-D adaptation proven for select tasks

cognitive
I | \

research on 1-D motor adaptation in progress (NSBRI AG project)

1-D motor adaptation proven for select tasks

cognitive adaptatability unknown

L

. omplex adaptation established as feasible (motor, vestibular, cognitive)
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o Y I% s llas

Intermittent Shl -Radius Centri

—Neurovestibular: Multiple tation t
head movements

—Can complex motor-coordination recali

—Bedrest studies to determine extent of
cardiovascular and bone benefits with

—Optimizing dosage, radius, pre-training, et

—Precious few animal studies
—Cosmos satellites
—Plans for ISS, Mars Socie

—One human study of neurovestibular C
effects on Neurolab

—No human studies with AG to this date
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* Assume the ast onaut adapte the
following
— motion sickness
— motor recalibration
— neurovestibular side-effects
* Cognitive adaptation to Coriolis forces
will remain a challenge

Intuitive P

—Human intuitio out ph
often erroneo
—When working in a rotating

cannot afford to have wro
how objects will behave

—Cognitive and perceptual implications o
need to be investigated
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The C-shaped tube problem
Production task (paper & pencil)

R > ca.50%

ca. 30%

McCloskey, Caramazza & Green (1980)

C-shaped tube

Qui ckTime™and a
Qi ckTine™and a Ani mat i on deconpressor
Ani mati on deconpr essor are needed to see this picture.
are needed to see this picture.

Visual animation eliminates errors on this task
(Kaiser et al., 1992)
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The straight-down belief

| ca. 50% error in paper and
[ pencil tasks (McCloskey et al.)

ca. 36% error with crude
I animation (McCloskey et al.)

ca. 15% error with sophisti-
cated animation (Kaiser et al.)

The "straight-down belief”’ has evolutionary roots (lllustration
Daniel Santbech, Problematum Astronomicorum, Basel, 1561)

Parabola is attributed to Galileo (ca. 1600)
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Better drop the straight-down belief

A fountain in artificial gravity.
(Illustration by Tye-Yan “George” Yeh.)
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Intuitive Physics in a Coriolis Environmen
C

—Humans are lik 0 have s s diffi
acquiring intui s about iolis for

—Orientation with respect to tion pla
direction will become a ne gnitive
perceptual dimension

—We have not even started to think about
added perceptual and cognitive load t
is required to function in AG

clusi

AG is indispensable

Implementation wit affordab ius caus
effects

Context-specific-ad ility is th to overc
side-effects

Intermittent AG might get away wit 1mple ad
(preliminary research looks promisi

Flight experiments are needed to s Whether
intermittent AG is a sufficient countermeasure

Continuous AG with affordable radius makes ¢
adaptation mandatory

We are only starting to look at complex vestibula
motor adaptation
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